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L1 EDFNJURXQG

D juhdw pdq| prghuq sk|vlfv h{shulphqwv lqyroyh vhqglqj dqg uhfhlylqj hohfwurqlf vljqdov/ vrph0

wlphv ryhu orqj glvwdqfhv1 Dq hohfwurqlf vljqdo fdq eh dqdorj/ zklfk lv vlpso| d yrowdjh dv d ixqfwlrq

ri wlph +h1j1 wkh edvlv ri fdeoh whohylvlrq,/ ru gljlwdo/ zklfk frqvlvwv ri d vhulhv ri yrowdjh sxovhv1 Iru

orz0vshhg dssolfdwlrqv ryhu vkruw glvwdqfhv/ iru h{dpsoh dxglr vljqdov ehwzhhq d FG sod|hu dqg d

vhw ri vshdnhuv/ rqh grhvq*w qhhg wr zruu| pxfk derxw vljqdo wudqvplvvlrq � d fdeoh fdq eh wkrxjkw

ri wudqvplwwlqj d vljqdo lqvwdqwdqhrxvo|/ vr wkh yrowdjh dw rqh hqg lv htxdo wr wkh yrowdjh dw wkh

rwkhu1 Krzhyhu/ hohfwurqlf vljqdov fdqqrw sursdjdwh idvwhu wkdq wkh vshhg ri oljkw/ urxjko| d phwhu

lq wkuhh qdqrvhfrqgv/ dqg dw JK} iuhtxhqflhv zh kdyh wr zruu| derxw vljqdo wudqvplvvlrq hyhq ryhu

oderudwru| glvwdqfhv1 Iru wkhvh kljk0vshhg dqg2ru orqj0glvwdqfh dssolfdwlrqv rqh pxvw wdnh lqwr df0

frxqw wkh idfw wkdw wkh yrowdjh rq rqh hqg ri d fdeoh lv qrw htxdo wr wkh yrowdjh dw wkh rwkhu hqg/

vlpso| ehfdxvh lw wdnhv vrph wlph iru dq| yrowdjh fkdqjhv +vxfk dv d sxovh, wr sursdjdwh dorqj wkh

fdeoh1 Wkxv zh qhhg wr wklqn ri d fdeoh dv d wudqvplvvlrq olqh1

Lw lv zruwk qrwlqj dw wkh ehjlqqlqj wkdw hvvhqwldoo| hyhu|wklqj zh*oo wdon derxw lq wklv ode uhodw0

lqj wr hohfwurqlf fdeohv fduulhv ryhu suhww| qlfho| wr rswlfdo fdeohv/ d1n1d1 �ehu rswlfv1 Erwk wudqvplw

hohfwurpdjqhwlf vljqdov/ dqg lq erwk fdvhv zh zloo kdyh wr zruu| derxw krz wkh vljqdov duh wudqv0

plwwhg dqg zkhwkhu sxovhv duh uh hfwhg dw wkh fdeoh hqgv1 Xvxdoo| vljqdo uh hfwlrqv iurp wkh hqgv

ri fdeohv duh xqghvludeoh/ dqg xvxdoo| wkh| fdq eh dyrlghg zlwk d vpdoo dprxqw ri fduh1

Rxu vwdqgdug hohfwurqlf wudqvplvvlrq olqh lv wkh frd{ldo fdeoh/ vkrzq lq Iljxuh 41 Wkhvh duh

olnh wkh fdeohv xvhg iru fdeoh whohylvlrq/ dqg duh riwhq fdoohg EQF fdeohv e| sk|vlflvwv/ diwhu wkh

Ehunhoh| Qxfohrqlfv Frusrudwlrq/ zklfk zdv d elj pdqxidfwxuhu ri frd{ldo fdeohv dqg frqqhfwruv lq

wkh hduo| gd|v1 D frd{ldo fdeoh frqvlvwv ri d fhqwhu frqgxfwru/ d glhohfwulf vsdfhu/ dqg d frqfhqwulf

rxwhu frqgxfwru1 Dw orz iuhtxhqflhv d fxuuhqw  rzv grzq wkh fhqwhu frqgxfwru dqg uhwxuqv yld

wkh rxwhu frqgxfwru/ dqg derxw doo zh kdyh wr zruu| derxw lv wkh uhvlvwdqfh ri wkh zluh frqgxfwruv

+U lq Iljxuh 4, dqg wkh fdeoh fdsdflwdqfh/ zklfk lv w|slfdoo| 830483 slfridudgv2phwhu1 Wkh fdeoh

dovr kdv vrph lqgxfwdqfh/ exw wklv lv xvxdoo| qhjoljleoh dw orz iuhtxhqflhv +wkh lqgxfwlyh lpshgdqfh/

] @ l$O> ehlqj sursruwlrqdo wr $> jhwv vpdoohu dw orz iuhtxhqflhv,1 Dw kljk iuhtxhqflhv zh fdqqrw

ljqruh wkh lqgxfwdqfh ru fdsdflwdqfh ri wkh fdeoh/ dqg zh kdyh wr vroyh wkh ixoo v|vwhp iru wkh

yrowdjh dqg fxuuhqw dv d ixqfwlrq ri erwk wlph dqg srvlwlrq dorqj wkh fdeoh1

Wkh Lghdo +Orvvohvv, Frd{ldo Fdeoh1 Li zh ljqruh wkh vhulhv dqg sdudooho uhvlvwdqfhv lq wkh

fdeoh +U$ 3 dqg J$ 3 lq Iljxuh 4, dqg orrn dw d vpdoo vhfwlrq lq wkh plggoh ri d orqj fdeoh/ wkhq

wkh yrowdjh ehwzhhq wkh frqgxfwruv lv

Y @
t7}

F7}
@

t

F

zkhuh t lv wkh fkdujh shu xqlw ohqjwk rq wkh frqgxfwruv dqg F lv wkh fdeoh fdsdflwdqfh shu xqlw
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Iljxuh 41 Vfkhpdwlf gldjudp ri d frd{ldo fdeoh +deryh,/ dorqj zlwk lwv htxlydohqw flufxlw1 +Wkh
frqyhqwlrq khuh lv wkdw shu xqlw ohqjwk U lv wkh vhulhv uhvlvwdqfh dqg J lv wkh sdudooho frqgxfwdqfh/
vr wkh sdudooho uhvlvwdqfh lv 4@J= Iru d qhdu0lghdo fdeoh erwk U dqg J duh vpdoo,1

ohqjwk +vhh Iljxuh 4,1 Wkh udwh ri fkdqjh ri fkdujh lv wkh fxuuhqw/ vr

7L @ �
C+t7},

Cw
dqg wkxv

CL

C}
@ �

Ct

Cw

@ �F
CY

Cw
Wkh yrowdjh gurs dorqj wkh fdeoh frphv iurp wkh fdeoh lqgxfwdqfh/ jlylqj

CY

C}
@ �O

CL

Cw
Gl�huhqwldwlqj erwk wkhvh h{suhvvlrqv wr holplqdwh L wkhq |lhogv

C5Y

Cw5
@

4

OF

C5Y

C}5

zklfk vkrxog eh uhfrjql}deoh dv d vwdqgdug zdyh htxdwlrq1 Wkh uhdghu fdq yhuli| wkdw wkh vdph

h{suhvvlrq lv rewdlqhg iru L= Wkxv wkh fdeoh vxssruwv hohfwurpdjqhwlf zdyhv wkdw sursdjdwh dorqj

wkh fdeoh/ dw d sursdjdwlrq vshhg

ysurs @
4

s
OF

Wkh frpsohwh vroxwlrq ri wkh zdyh htxdwlrq |lhogv iruzdug dqg edfnzdug sursdjdwlqj zdyhv

Y +}> w, @ I.

�
w�

}

y

�
. I

�

�
w.

}

y

�

zkhuh I. dqg I
�

duh duelwudu| ixqfwlrqv1 Wkh uhdghu fdq vkrz wkdw zlwk wklv Y +{> w, wkh fruuh0

vsrqglqj fxuuhqw lv

L+}> w, @
Y +}> w,

]f

zkhuh ]f @

s
O@F lv fdoohg wkh fkdudfwhulvwlf lpshgdqfh ri wkh fdeoh/ dqg iru d orvvohvv fdeoh ]f
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lv sxuho| uhvlvwlyh +l1h1 lw*v d uhdo qxpehu,1 Iljxuh 5 vkrzv d furvv vhfwlrq ri d frd{ldo fdeoh dorqj

zlwk wkh hohfwulf dqg pdjqhwlf �hogv suhvhqw zkhq d vlqh zdyh vljqdo lv sursdjdwlqj grzq wkh fdeoh1

Iljxuh 51 D vhfwlrq ri d frd{ldo fdeoh zlwk wkh lqvwdqwdqhrxv hohfwulf dqg pdjqhwlf �hogv wkdw duh

suhvhqw zkhq d vlqxvrlgdo vljqdo lv sursdjdwlqj grzq wkh fdeoh1 Wkhvh �hogv pryh grzq wkh fdeoh

dw wkh sursdjdwlrq vshhg1

Wkh uhdghu fdq dovr vkrz +uhphpehu Sk4B, wkdw wkh fdsdflwdqfh dqg lqgxfwdqfh ri wkh fdeoh

duh

F @
5�%

oq+e@d,
+I2p,

O @
�

5�
oq+e@d, +K2p,

zkhuh d dqg e duh vkrzq lq Iljxuh 51 Wkxv wkh yhorflw| ri wudqvplvvlrq/ dw ohdvw iru wklv lghdo

+orvvohvv, fdeoh/ lv htxdo wr

ysurs @
4

s
OF

@
4
s
�%

Qrwh li wkhuh lv qr pdwhuldo ehwzhhq wkh +orvvohvv, frqgxfwruv/ wkhq � @ �3> % @ %3> dqg ysurs @

4@
s
�3%3 @ f> wkh vshhg ri oljkw1

Wkh Qrw0vr0Lghdo Frd{ldo Fdeoh1 Iru wkh fdvh wkdw U dqg J duh qrw qhjoljleoh wkh htxdwlrqv

duh d elw pruh frpsoh{/ dqg wkh zdyh htxdwlrq iru wkh vljqdo yrowdjh ehfrphv

C5Y

Cw5
@

4

OF

C5Y

C}5
. +OJ.UF,

CY

Cw
.UJY +4,

zklfk lv wkh prvw jhqhudo zdyh htxdwlrq iru dq| wudqvplvvlrq olqh kdylqj wkh htxlydohqw flufxlw

vkrzq lq Iljxuh 41 Li zh orrn iru zdyh vroxwlrqv wr wklv htxdwlrq/ vr wkdw Y +}> w, @ Y +},hl$w> wkhq

wkh jhqhudo vroxwlrq lv

Y +}> w, @ Y4h
�}hl+$w.n},

. Y5h
��}hl+$w�n}, +5,

zkhuh

� @ Uh+�,
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n @ Lp+�,

zlwk

� @
s
+U. l$O,+J. l$F,

Zh vhh wkh vroxwlrq lv d wudyholqj zdyh zlwk yhorflw| y @ $@n wkdw lv vxevwdqwldoo| dwwhqxdwhg ryhu

glvwdqfhv odujhu wkdq � 4@�= Wkh vroxwlrq iru wkh fxuuhqw lv vwloo

L+}> w, @
Y +}> w,

]f

zkhuh qrz wkh fkdudfwhulvwlf lpshgdqfh lv jlyhq e|

]f @

u
U. l$O

J. l$F

�

u
O

F

�
4 . l

�
J

5$F
�

U

5$O

��

zkhuh wkh odwwhu krogv iru vpdoo U> J=

Sureohp 41 Ghulyh Htq1 4 dqg wkh sdudphwhuv iru wkh zdyh0olnh vroxwlrq Htq1 51

D pdmru frqwulexwru wr fdeoh orvvhv lv wkh vnlq h�hfw/ zklfk fdxvhv wkh fxuuhqw lq wkh fdeoh

frqgxfwruv wr frq�qh lwvhoi wr d wklqqhu dqg wklqqhu od|hu qhdu wkh frqgxfwru vxuidfh dv wkh iuhtxhqf|

lv lqfuhdvhg1 Wkh h�hfwlyh furvv0vhfwlrqdo duhd ri wkh frqgxfwru lv wkhq uhgxfhg/ dqg wkh uhvlvwdqfh

vxevhtxhqwo| lqfuhdvhg/ dv wkh iuhtxhqf| lqfuhdvhv1 Iru d frd{ldo fdeoh/ wklv uhvxowv lq U ehlqj

sursruwlrqdo wr $4@5> dqg vr � � $4@5 dv zhoo1 Dw kljkhu iuhtxhqflhv/ w|slfdoo| deryh 4 JK}/

ohdndjh dfurvv wkh glhohfwulf fdq ehfrph wkh grplqdqw orvv phfkdqlvp/ jlylqj d qrq}hur J zklfk lv

sursruwlrqdo wr $=

Zkhqhyhu wkh fdeoh sdudphwhuv ghshqg rq iuhtxhqf|/ zh fdq �qg wkdw wkh sursdjdwlrq yhorflw|

dqg2ru dwwhqxdwlrq ghshqgv rq iuhtxhqf|/ zklfk lq wxuq uhvxowv lq sxovh glvshuvlrq ru sxovh glvwru0

wlrq1 Iru prvw frd{ldo fdeohv/ F dqg O duh hvvhqwldoo| lqghshqghqw ri iuhtxhqf| xs wr yhu| kljk

iuhtxhqflhv/ vr glvshuvlrq lv qrw xvxdoo| d kxjh sureohp1 Wkh dwwhqxdwlrq grhv lqfuhdvh udslgo| zlwk

iuhtxhqf|/ krzhyhu/ zklfk whqgv wr urxqg rxw wkh fruqhuv ri vtxduh zdyh sxovhv/ vlqfh wkh kljkhu

iuhtxhqf| frpsrqhqwv ri wkh vtxduh zdyh gdps dzd| prvw txlfno|1

Uh hfwlrqv lq Fdeoh Wudqvplvvlrq1 Wkh deryh irupdolvp iru wudqvplvvlrq grzq d frd{ldo

fdeoh lqfoxghg wkh lpsolflw dvvxpswlrq wkdw wkh surshuwlhv ri wkh fdeoh/ vshfl�fdoo| F> O> hwf1/ zhuh

lqghshqghqw ri }> dqg lq wklv fdvh zh irxqg wudyholqj zdyh vroxwlrqv1 Zkhq zh frqvlghu wkh hqgv

ri wkh fdeoh/ zh wkhq kdyh wr dgg vrph erxqgdu| frqglwlrqv wr wkh gl�huhqwldo htxdwlrq/ dqg grlqj

wklv jlyhv xv uh hfwlrqv1 Wkdw lv/ zkhq d wudyholqj zdyh sxovh klwv wkh hqg ri wkh fdeoh +zkhuh lw

xvxdoo| lv frqqhfwhg wr vrph rwkhu hohfwurqlf ghylfh,/ vrph sduw ri wkh sxovh pd| jhw uh hfwhg dqg

wkxv jr wudyholqj grzq wkh fdeoh lq wkh rssrvlwh gluhfwlrq1

Uh hfwlrqv rffxu zkhqhyhu d wudyholqj zdyh hqfrxqwhuv d qhz phglxp lq zklfk wkh vshhg ri

sursdjdwlrq lv gl�huhqw1 Iru rswlfdo phgld uh hfwlrqv rffxu zkhqhyhu wkhuh lv d fkdqjh lq wkh lqgh{

ri uhiudfwlrq1 Lq frd{ldo fdeohv rqh jhwv uh hfwlrqv zkhqhyhu wkhuh lv d fkdqjh lq wkh fkdudfwhulvwlf

lpshgdqfh1 Wr vhh krz wklv zrunv lq ghwdlo/ frqvlghu d orqj ohqjwk ri fdeoh frqqhfwhg wr d ordg zlwk

lpshgdqfh ]O> dv vkrzq lq Iljxuh 61 Zh fdq irujhw derxw wkh vljqdo jhqhudwru iru qrz/ dqg mxvw

orrn dw wkh htxdwlrqv dqg erxqgdu| frqglwlrqv dw wkh ordg hqg ri wkh fdeoh1 Zh zloo dovr qhjohfw

fdeoh orvvhv1
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Iljxuh 61 D vljqdo jhqhudwru +zklfk lv prghohg khuh e| d shuihfw yrowdjh vrxufh % lq vhulhv zlwk d

�vrxufh lpshgdqfh� ]3, frqqhfwhg wr d fdeoh/ zklfk lv lq wxuq frqqhfwhg wr d ordg zlwk lpshgdqfh

]O=

Zlwk wklv wkh jhqhudo vroxwlrq iru d wudyholqj zdyh lq wkh fdeoh lv

Y +}> w, @ Y4h
l+$w�n}, . Y5h

l+$w.n},

zkhuh Y4 lv wkh dpsolwxgh ri wkh lqflghqw zdyh +zdyh iurqwv pryh lq wkh .} gluhfwlrq, dqg Y5 lv wkh

dpsolwxgh ri wkh uh hfwhg zdyh1 Dw wkh hqg ri wkh fdeoh wkh ordg lpshgdqfh ghpdqgv wkdw

]O @
Y +c> w,

L+c> w,

@ ]f

�
Y4h

l+$w�nc, . Y5h
l+$w.nc,

Y4hl+$w�nc, � Y5hl+$w.nc,

�

+Wr vhh wkh vljq  ls lq wkh ghqrplqdwru/ uhfdoo iurp deryh wkdw CL@C} @ �FCY@Cw dqg lqwhjudwh

CY@Cw zlwk uhvshfw wr }= Wklv lv rqh ri wkrvh vxewoh vljq lvvxhv wkdw kdv wr eh grqh uljkw mxvw rqfh

lq rughu wr jhw wkh uljkw sk|vlfv rxw1, Uhduudqjlqj wklv jlyhv

Y4 @ hl5ncY5
]O . ]f

]O � ]f

vr wkh udwlr ri wkh uh hfwhg zdyh wr wkh lqflghqw zdyh lv

� �
Yuhiohfwhg+c> w,

Ylqflghqw+c> w,
@

Y5h
l+$w.nc,

Y4hl+$w�nc,
@

]O � ]f

]O . ]f

zkhuh � lv nqrzq dv wkh uh hfwlrq frh!flhqw1

Sureohp 51 Uh hfwlrqv r� wkh Vrxufh1 Wkh deryh wuhdwv uh hfwlrqv dw wkh ordg hqg ri wkh fdeoh1

Orrnlqj dw Iljxuh 6/ zh fdq dovr kdyh ohiwzdug sursdjdwlqj sxovhv zklfk uh hfw r� wkh vrxufh1 Vkrz

wkdw wkh uh hfwlrq frh!flhqw lq wklv fdvh lv vlpso|

� @
]3 � ]f

]3 . ]f

Klqw= Nlufkkr�*v odzv whoo xv wkdw

%+w,� ]3L+3> w, @ Y +3> w,

dw wkh fdeoh hqg1 Wklv uhodwlrq krogv zkhq wkhuh lv rqo| dq rxwjrlqj zdyh/ dqg lw krogv djdlq zkhq

wkhuh duh wkuhh zdyhv suhvhqw= wkh rxwjrlqj zdyh/ d ohiwzdug sursdjdwlqj zdyh/ dqg d uh hfwhg zdyh1

E| vxshusrvlwlrq rqh fdq dgg dqg vxewudfw vroxwlrqv iru wkhvh wzr fdvhv1

Lpshgdqfh Pdwfklqj1 Zkhq wkh ordg lpshgdqfh htxdov wkh fdeoh lpshgdqfh/ ]O @ ]f> wkhq

zh kdyh wkh ghvludeoh uhvxow wkdw � @ 3 dqg wkhuh lv qr uh hfwhg zdyh1 Lq wklv fdvh zh vd| wkh
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ordg lv lpshgdqfh pdwfkhg wr wkh fdeoh/ dqg doo wkh hohfwurpdjqhwlf hqhuj| lq wkh lqflghqw zdyh

+ru sxovh, lv devruehg lq wkh ordg1 Pdq| ghylfhv duh ghvljqhg wr xvh fdeohv zlwk d �{hg ]
f
> zlwk

vrph vwdqgdugv ehlqj ]f @ 83 
 ru :8 
= Zkhq erwk wkh lqsxw dqg rxwsxw ghylfhv duh pdwfkhg

zlwk d fdeoh dqg zlwk hdfk rwkhu/ wkhq wkhuh duh qr uh hfwhg sxovhv wr zruu| derxw1 Rqh frpprq

h{fhswlrq wr wklv sudfwlfh lv wkh rvfloorvfrsh/ zklfk kdv dq lqsxw lpshgdqfh ri w|slfdoo| 4 P
> idu

kljkhu wkdq dq| vwdqgdug frd{ fdeoh1 Zkhq xvlqj d *vfrsh wr orrn dw d vljqdo dw wkh hqg ri d fdeoh/

rqh fdq whuplqdwh wkh fdeoh e| dgglqj dq dgglwlrqdo 83 
 uhvlvwru +li ]f @ 83 
, lq sdudooho zlwk

wkh *vfrsh1 Wkh *vfrsh krrn0xs wkhq grhv qrw vhqg uh hfwlrqv edfn wr wkh vrxufh wr fdxvh wurxeoh1

+Qrwh d 83 
 whuplqdwru lv w|slfdoo| rqo| xvhg rq d *vfrsh zkhq rqh lv lq wkh kljk iuhtxhqf|2orqj

glvwdqfh uhjlph/ lq zklfk fdvh d fdeoh dfwv olnh d wudqvplvvlrq olqh zlwk d 83 
 lpshgdqfh1 Iru

orz0vshhg2vkruw glvwdqfh zrun d fdeoh dfwv olnh mxvw d zluh/ dqg krrnlqj d 83 
 uhvlvwru wr rqh*v

hohfwurqlf ghylfh frxog fdxvh d orw ri wurxeoh doo e| lwvhoi1,

Uh hfwlrqv xsrq Uh hfwlrqv1 Wkh gl�huhqw fdvhv ri sxovh uh hfwlrq r� wkh hqg ri d wudqv0

plvvlrq olqh duh vkrzq lq Iljxuh 7/ zkhuh zh vhh wkh yrowdjh dw wkh lqsxw hqg ri d fdeoh +wkh ohiw

vlgh lq Iljxuh 6, dv d ixqfwlrq ri wlph1 Dw w @ 3 d vwhs ixqfwlrq vljqdo zdv jhqhudwhg dw wklv hqg

ri wkh fdeoh/ zlwk dpsolwxgh Y3= Zkloh wkh yrowdjh vwhs sursdjdwhv grzq wkh fdeoh wkh �uvw wlph/

wkhuh duh qr uh hfwlrqv/ vr wkh yrowdjh vwd|v �{hg dw Y3= Diwhu d wlph w @ 5�> zkhuh � lv wkh wlph

iru d sxovh wr wudyho wkh ohqjwk ri wkh fdeoh/ zh vhh wkh h�hfwv ri wkh uh hfwhg vljqdo1 Zkhq wkh ordg

lpshgdqfh lv U @ 4 +wrs judsk,/ wkh vwhs uh hfwv zlwkrxw fkdqjlqj vljq/ vr diwhu w @ 5� wkh uh0

 hfwhg vljqdo dggv wr wkh lqsxw yrowdjh/ jlylqj Y � 5Y3 +voljkwo| ohvv li wkh vljqdo lv dwwhqxdwhg lq

wkh fdeoh,1

Zkhq U @ 3 wkh vwhs fkdqjhv vljq xsrq uh hfwlrq +uhphpehu Sk45B,/ dqg vr wkh uh hfwhg vljqdo

ghvwuxfwlyho| lqwhuihuhv zlwk wkh lqsxw yrowdjh/ vr diwhu w @ 5� zh kdyh Y � 3 +vhfrqg judsk,1 Zkhq

U @ ]f +erwwrp judsk, wkhuh lv qr uh hfwhg vwhs1 Li wkh uh hfwhg vwhs uh hfwv djdlq r� wkh ohiw vlgh

ri wkh fdeoh dqg pdnhv dqrwkhu urxqg wuls/ wkhq wkh yrowdjh diwhu w @ 7� zloo fkdqjh |hw djdlq1 Doo

wkhvh h�hfwv zloo eh vhhq lq wkh ode1

LL1 ODERUDWRU\ H[HUFLVHV1

Wkh �uvw vwhs lq wkh ode lv wr fkhfn rxw wkh vljqdo jhqhudwru dqg rvfloorvfrsh wr pdnh vxuh

wkhvh wklqjv zrun wkh zd| |rx wklqn wkh| vkrxog/ lq wkh devhqfh ri dq| frpsolfdwlrqv frplqj iurp

wudqvplvvlrq olqhv1 Fkhfn zlwk d WD rq zkhuh wr �qg wkh ydulrxv slhfhv ri kdugzduh |rx zloo qhhg/

dv zhoo dv khos �qglqj wkh pruh xvhixo ihdwxuhv ri wkh gljlwdo hohfwurqlfv dprqj doo wkh pdq| phqx

rswlrqv1

H{huflvh 41 Xvh wkh VJ04332D vljqdo jhqhudwru wr pdnh d vtxduh zdyh vljqdo zlwk dq dpsolwxgh

ri rqh yrow dqg d iuhtxhqf| ri 5 PK} +83( gxw| f|foh,1 Vhqg wkh rxwsxw gluhfwo| lqwr wkh *vfrsh

xvlqj d vkruw +ohvv wkdq wzr phwhuv, EQF fdeoh1 Xvh wkh phdvxuhphqw rswlrq ri wkh *vfrsh wr

phdvxuh wkh vljqdo shulrg/ dpsolwxgh/ dqg wkh ulvh wlph ri wkh vtxduh zdyh ohdglqj hgjh1 Zlwk

wkh phdvxuhphqwv glvsod|hg rq wkh vfuhhq/ pdnh d kdugfrs| ri wkh vtxduh zdyh vljqdo1 Jlyhq wkdw

wkh vljqdo jhqhudwru rqo| jrhv xs wr 5418 PK}/ krz grhv |rxu phdvxuhg ulvhwlph frpsduh zlwk

h{shfwdwlrqvB Qh{w frqqhfw wkh vljqdo jhqhudwru wr wkh *vfrsh zlwk wkh 4380phwhu vsrro ri UJ04:7

fdeoh/ mxvw wr revhuyh wkh vljqdo ghjudgdwlrq1 Pdnh dqrwkhu kdugfrs| ri wklv vljqdo1

9



Iljxuh 71 Rq wkh ohiw zh vhh gl�huhqw fdvhv ri d vwhs ixqfwlrq yrowdjh vljqdo sursdjdwlqj grzq d

olqh dqg uh hfwlqj iurp lwv hqg/ mxvw diwhu wkh hgjh uh hfwhg1 Zlwk pxowlsoh uh hfwlrqv +uljkw, wkh

uhvxowlqj vljqdo fdq eh txlwh frpsoh{1

Wkh qh{w vwhs lv wr dgg d wudqvplvvlrq olqh xvlqj wkh frqqhfwlrq sdqho surylghg +vhh Iljxuh

8,1 Xvh wkh vljqdo jhqhudwru wr pdnh d 43nK} vtxduh zdyh vljqdo +zlwk 83( gxw| f|foh, zlwk dq

dpsolwxgh ri 43 yrowv/ dqg frqqhfw lw wr wkh Sxovh Lq lqsxw ri wkh sdqho1 Frqqhfw wkh S5d dqg

S6d frqqhfwruv zlwk wkh 7190phwhu ohqjwk ri KK4833 fdeoh1 Xvh wkh 43[ rvfloorvfrsh sureh wr

orrn dw srlqw S5d e| folsslqj rqwr wkh zluhv rq wkh edfn ri wkh sdqho1 +Vhh wkh Dsshqgl{ ehorz

iru d ghvfulswlrq ri zkdw wkh *vfrsh sureh grhv iru |rx1, Wkh KK4833 fdeoh lv dq xqxvxdo ehdvw/

zlwk d kljk fkdudfwhulvwlf lpshgdqfh +qrplqdoo| 4833 
,/ idluo| orz dwwhqxdwlrq/ dqg d orz vljqdo

sursdjdwlrq yhorflw|1 Wkh fhqwhu frqgxfwru lv zudsshg durxqg d srzghuhg lurq fruh +� � 433, wr

dfklhyh d kljk lqgxfwdqfh shu xqlw ohqjwk1

H{huflvh 51 Vkruw wkh idu hqg ri wkh fdeoh e| vhwwlqj wkh whuplqdwlrq vzlwfkhv wr krrn xs U5d/

dqg vhw wkh uhvlvwdqfh wr }hur rkpv1 +\rx fdq xvh dq rkpphwhu wr fkhfn dq| ri wkh uhvlvwdqfh ydoxhv

� eh vxuh wr glvfrqqhfw wkh lqsxw vljqdo �uvw1, Revhuyh wkh vljqdo dw S5d dv |rx ydu| wkh lqsxw

lpshgdqfh U4d1 Pdnh kdugfrslhv zkhq U4d lv htxdo wr 3
/ 8 n
 +wkh wzr h{wuhphv,/ durxqg 418

n
 +rswlpl}h wkh ydoxh wr surgxfh d vlqjoh vkruw sxovh,/ dqg � 533 
= Pdnh vxuh lq |rxu kdugfrslhv

wkdw wkh yrowdjh dqg wlph vfdohv duh fohduo| glvsod|hg/ vr |rx*oo dfwxdoo| nqrz zkdw*v sorwwhg zkhq

|rx orrn dw lw odwhu1 \rx pljkw zdqw wr xvh wkh fxuvru ixqfwlrq rq wkh *vfrsh wr dgg vrph pdunhuv

wr wkh glvsod|1 Fohduo| odeho wkh sorwv dqg wdsh wkhp lqwr |rxu qrwherrn1 H{sodlq wkh gl�huhqw

zdyhirupv txdolwdwlyho|1 +\rx pd| eh eulhi lq |rx h{sodqdwlrqv1 Vwduw e| h{sodlqlqj wkh dpsolwxgh

dqg vljq ri wkh yrowdjh zkhq 3 ? w ? 5� iru hdfk ri wkh irxu sorwv1 Qh{w h{sodlq wkh yrowdjhv zkhq

5� ? w ? 7�> hwf1,

:



Pulse In

R1a, 0 – 5 k


R1b, 0 - 500


R2a, 0 – 5 k


R2b, 0 - 500


P1

P2a

P2b

P3a

P3b

High Z cable

Low Z cable

Termination

Out

In

Iljxuh 81 Vfkhpdwlf gldjudp ri wkh frqqhfwlrq sdqho iru wkh frd{ldo fdeoh phdvxuhphqwv1

H{huflvh 61 Zlwk wkh idu hqg ri wkh fdeoh vwloo vkruwhg/ vhw U4d vr wkdw wkh lqsxw lpshgdqfh

pdwfkhv ]f> vr wkhuh duh qr uh hfwlrqv dw wkh lqsxw1 Phdvxuh U4d dw wklv vhwwlqj xvlqj dq rkpphwhu1

Phdvxuh wkh zlgwk ri wkh vkruw sxovh dqg ghulyh wkh sxovh wudqvplvvlrq yhorflw|/ jlyhq wkdw wkh fdeoh

ohqjwk lv 719 phwhuv1 Phdvxuh wkh edvholqh vljqdov ehiruh dqg diwhu wkh vkruw sxovh/ dqg iurp wklv

hvwlpdwh wkh dwwhqxdwlrq frqvwdqw � iru wkh fdeoh1

H{huflvh 71 Vhw wkh idu hqg ri wkh fdeoh wr dq rshq flufxlw e| vhwwlqj wkh whuplqdwlrq vzlwfk wr

Rxw/ dqg djdlq revhuyh wkh vljqdo dw S5d dv |rx ydu| U4d1 Pdnh kdugfrslhv dw urxjko| wkh vdph

irxu ydoxhv dv deryh/ dqg djdlq txdolwdwlyho| h{sodlq wkh revhuyhg vljqdov1

H{huflvh 81 Vhw wkh whuplqdwlrq vzlwfk wr Lq/ dqg revhuyh wkh vljqdo dw S5d dv erwk U4d dqg

U5d duh fkdqjhg1 Sod| zlwk wkh vhwwlqjv lq rughu wr jhw d jrrg lpshgdqfh pdwfk dw wkh whuplqdwlrq

hqg ri wkh fdeoh/ dqg wkhq phdvxuh wkh lpshgdqfh0pdwfkhg U5d ydoxh/ zklfk lv d jrrg hvwlpdwh

ri ]f1 Frpsduh wklv zlwk |rxu lpshgdqfh0pdwfkhg ydoxh ri U4d +iurp H{huflvh 6,1 Zlwk fduh |rx

vkrxog jhw qhduo| wkh vdph uhvlvwdqfh iru erwk/ exw |rx pd| vhh wkh gl�huhqfh wkdw frphv derxw

ehfdxvh U4d lv lq vhulhv zlwk wkh lqsxw lpshgdqfh ri wkh vljqdo jhqhudwru +vhh wkh glvfxvvlrq ri

Iljxuh 6 deryh,1 Li wkh wzr ydoxhv grq*w djuhh yhu| zhoo/ wu| erwk phdvxuhphqwv djdlq/ dqg wklv

wlph fudqn wkh jdlq rq wkh *vfrsh wr }rrp lq rq wkh uhohydqw sduw ri wkh vljqdo1 Dowkrxjk wkhuh

zloo eh vrph dpeljxlw| lq zkdw frqvwlwxwhv }hur uh hfwhg sxovh/ |rx fdq hvwlpdwh wkh xqfhuwdlqw| lq

|rxu phdvxuhphqw e| vhwwlqj hdfk uhvlvwru ydoxh wr srlqwv wkdw duh fohduo| d elw wrr kljk/ dqg wkhq

fohduo| d elw wrr orz/ dqg phdvxulqj wkhvh ydoxhv lq dgglwlrq wr wkh lpshgdqfh0pdwfkhg ydoxh1

Dv d �qdo vwhs zlwk wklv fdeoh/ |rx vkrxog orrn dw wkh vljqdo dw wkh idu hqg ri wkh fdeoh/ S6d/ dv

U4d dqg U5d duh ydulhg1 Qrwh wkdw d jrrg sxovh vkdsh lv rewdlqhg li uh hfwlrqv duh vxssuhvvhg dw

hlwkhu hqg ri wkh fdeoh/ dv |rx zrxog h{shfw1

H{huflvh 91 Gr vlplodu phdvxuhphqwv xvlqj wkh UJ0832X dqg UJ04:7 fdeohv/ dqg xvh doo |rxu

phdvxuhphqwv wr frpsohwh wkh iroorzlqj wdeoh=

;
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+Qrwh li |rx phdvxuh wkh fkdudfwhulvwlf lpshgdqfh ri wkh UJ0952X fdeoh e| orrnlqj dw uh hfwlrqv

iurp erwk hqgv ri wkh fdeoh/ olnh lq H{huflvh 8/ |rx vkrxog fohduo| vhh d gl�huhqfh wkdw frphv iurp

wkh rxwsxw lpshgdqfh ri wkh vljqdo jhqhudwru1,

LLL1 UHIHUHQFHV1

Z1 U1 Ohr/ Whfkqltxhv iru Qxfohdu dqg Sduwlfoh Sk|vlfv H{shulphqwv/ 5qg Uhylvhg Hglwlrq/ 4<<7

+Vsulqjhu0Yhuodj,1

G1 Z1 Suhvwrq dqg H1 U1 Glhw}/ Wkh Duw ri H{shulphqwdo Sk|vlfv/ 4<<4 +Mrkq Zloh| ) Vrqv,1

Dsshqgl{ L

Wkh Rvfloorvfrsh Sureh

Zkhq xvlqj dq rvfloorvfrsh wr orrn dw dq hohfwurqlf vljqdo rqh riwhq kdv wr zruu| derxw zkhwkhu

wkh *vfrsh xqlqwhqwlrqdoo| d�hfwv wkh vljqdo � dq h�hfw fdoohg flufxlw ordglqj1 D w|slfdo *vfrsh kdv dq

lqsxw uhvlvwdqfh ri derxw 4 P
 dqg dq lqsxw fdsdflwdqfh ri derxw 53 si/ dv vkrzq lq Iljxuh 91 Lq

rwkhu zrugv/ wkh plqlpxp h�hfw ri krrnlqj xs d *vfrsh zloo eh urxjko| olnh dwwdfklqj wkh prqlwruhg

flufxlw srlqw wr d 4 P
 uhvlvwru wr jurxqg/ lq sdudooho zlwk d 53 si fdsdflwru1 Zkhq zrunlqj zlwk

yhu| kljk vshhg gljlwdo hohfwurqlfv hyhq wklv ordg frxog fkdqjh wkh flufxlw shuirupdqfh/ lq zklfk

fdvh |rx fdq*w krrn xs d *vfrsh gluhfwo|1 Exw iru d juhdw pdq| dssolfdwlrqv 4P
 dqg 53 si wrjhwkhu

grq*w gudz pxfk fxuuhqw/ dqg wkh *vfrsh jlyhv d suhww| dffxudwh uhdglqj ri zkdwhyhu vljqdo lv suhvhqw

lq wkh flufxlw1 +Rffdvlrqdoo| wkh dxwkru kdv irxqg/ zkhq ghexjjlqj d flufxlw/ wkdw wkh gduq wklqj

zrunv zkhq wkh *vfrsh lv dwwdfkhg orrnlqj dw wkh vljqdo/ exw wkhq vwrsv zrunlqj zkhq wkh *vfrsh lv

uhpryhg1 Uhsodflqj wkh *vfrsh zlwk d vpdoo fdsdflwru fdq wkhq vrphwlphv �{ wkh flufxlw$ Derxw

wkh rqo| wlph wklv zrunv lv zkhq wkh flufxlw jhwv vwxfn lq vrph xqzdqwhg kljk0iuhtxhqf| rvfloodwlrq/

vlqfh hyhq d vpdoo fdsdflwru wr jurxqg zloo vxfn wkh hqhuj| rxw ri d kljk0iuhtxhqf| vljqdo1,

Flufxlw ordglqj fdq jhw pxfk zruvh zkhq d fdeoh lv lqvhuwhg ehwzhhq wkh flufxlw dqg wkh *vfrsh/

vlqfh d w|slfdo EQF fdeoh kdv d fdsdflwdqfh ri durxqg 83483 slfridudgv2phwhu1 Zkhq zrunlqj zlwk

orz iuhtxhqf| flufxlwv/ vd| ?4 PK}/ flufxlw ordglqj pd| qrw pdwwhu hyhq zlwk d jrrg ohqjwk ri

fdeoh/ vlqfh wkh GF uhvlvwdqfh lv vwloo htxdo wr wkh 4 P
 uhvlvwdqfh ri wkh *vfrsh/ dqg wkh lpshgdqfh

ri wkh fdeoh fdsdflwdqfh +] @ 4@l$F, pljkw vwloo eh vhyhudo nlorRkpv/ dqg wklv lv pd|eh qrw d

sureohp1 Exw li |rxu vljqdov duh dw iuhtxhqflhv deryh 4 PK}/ fkdqfhv duh d *vfrsh zlwk d vlpsoh

EQF fdeoh zloo fdxvh wurxeoh1 Iru vxfk flufxpvwdqfhv rqh xvhv dq rvfloorvfrsh sureh/ zklfk lv d

ghylfh ghvljqhg wr plqlpl}h xqlqwhqwlrqdo flufxlw ordglqj1

Rqh ri wkh prvw frpprq rvfloorvfrsh surehv lv wkh 43[ sdvvlyh sureh/ zklfk zh xvh lq wklv ode/

dqg d flufxlw gldjudp lv vkrzq lq Iljxuh 91 Wkh edvlf lghd ri wklv nlqg ri *vfrsh sureh lv wr sxw d

odujh uhvlvwru/ w|slfdoo| <P
/ uljkw dw wkh wls ri wkh sureh/ vr wkh fdeoh fdsdflwdqfh lv lvrodwhg iurp

wkh flufxlw1 Wkhuh lv dozd|v vrph fdsdflwdqfh dw wkh sureh wls/ exw vrph h�ruw jrhv lqwr pdnlqj lw

<



Iljxuh 91 Vfkhpdwlf gldjudp ri d w|slfdo rvfloorvfrsh 43[ sureh1 Wkh sureh wls frqwdlqv d odujh

uhvlvwru lq sdudooho zlwk d vpdoo vwud| fdsdflwdqfh1 Wkh rvfloorvfrsh +uljkw sduw ri gudzlqj, orrnv wr

wkh rxwvlgh zruog olnh d uhvlvwru dqg fdsdflwru lq sdudooho1

vpdoo1 Wkhq diwhu d �{hg ohqjwk ri orz0fdsdflwdqfh fdeoh wkhuh lv dq htxdol}hu er{ zklfk frqqhfwv

wr wkh *vfrsh lqsxw1 Qrwh wkh sureh uhvlvwdqfh dqg wkh *vfrsh uhvlvwdqfh pdnh d uhvlvwru glylghu wkdw

uhgxfhv wkh vljqdo dpsolwxgh e| d idfwru ri whq/ zklfk lv zk| lw*v fdoohg d 43[ sureh1 E| uhgxflqj

wkh vljqdo dpsolwxgh rqh juhdwo| uhgxfhv wkh flufxlw ordglqj1

Wkh htxdol}hu er{ frqwdlqv d vpdoo fdsdflwru dqg shukdsv d uhvlvwru +wkhuh duh gl�huhqw yhuvlrqv,/

dqg lv ghvljqhg wr zrun wrjhwkhu zlwk wkh fdeoh dqg wkh *vfrsh wr surgxfh d frqvwdqw 43[ uhgxfwlrq

lq vljqdo dpsolwxgh/ lqghshqghqw ri iuhtxhqf|1 Wkh ghwdlov ri wkh ghvljq ghshqg rq wkh fdeoh dqg wkh

*vfrsh1 Vrph surehv duh ghvljqhg wr zrun rqo| zlwk vshfl�f *vfrshv/ vrph surehv fdq eh dgmxvwhg

iru gl�huhqw *vfrshv1 D surshuo| dgmxvwhg sureh lv vdlg wr eh iuhtxhqf| frpshqvdwhg1 Zlwkrxw

frpshqvdwlrq d vtxduh zdyh vljqdo +zklfk frqwdlqv orwv ri gl�huhqw iuhtxhqflhv, zrxog dsshdu dv d

glvwruwhg vtxduh zdyh rq wkh *vfrsh1

Lq dgglwlrq wr wkh frpprq 43[ sdvvlyh sureh/ rqh dovr uxqv dfurvv 4[ sdvvlyh surehv1 Wkhvh

duh edvlfdoo| wkh vdph dv 43[ surehv/ exw zlwk d pxfk vpdoohu wls uhvlvwru dqg d orz0fdsdflwdqfh

fdeoh1 Wklv sureh surylghv hvvhqwldoo| qr uhgxfwlrq lq vljqdo/ exw ri frxuvh wkhuh lv juhdwhu flufxlw

ordglqj +exw ohvv ordglqj wkdq iurp d eduh EQF fdeoh,1 Ilqdoo|/ |rx fdq ex| dfwlyh surehv/ zklfk/ dv

wkhlu qdph lpsolhv/ kdyh kljk lqsxw lpshgdqfh dpsol�huv lq wkhlu wlsv1 Dfwlyh surehv fdq jlyh pxfk

ehwwhu shuirupdqfh wkdq sdvvlyh surehv/ zklfk lv qhhghg iru yhu| ghpdqglqj dssolfdwlrqv +h1j1 fhoo

skrqh uhfhlyhuv dqg dvvrfldwhg hohfwurqlfv/ hwf1,1
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